Abstract-Elicitation is a technique to increase secondary metabolites content from plant callus culture. This study was carried out to evaluate Eurycoma longifolia callus culture growth and to analyse its secondary metabolites production after elicitation. E. longifolia callus culture was grown in Murashige-Skoog (MS) medium added with 2,4-dichlorophenoxyacetic acid (2,4-D) and MS medium with naphthalene acetic acid (NAA). Culture was exposed under UV light 18 hours per day for 28 days as an elicitation method. The results showed that growth of elicitated culture was not significantly lower and the structure was drier and more compact. GCMS analysis showed that E. longifolia callus culture in MS medium with NAA and elicited by UV light produced canthin-6-one alkaloid 3.5 times more and pyrrolidine 1.5 times more compared to unelicited culture. This canthin alkaloid was not detected on callus cultured in MS with 2,4-D. Other secondary metabolites produced from elicited callus culture were squalene and 5-(hydroxymethyl)-2-furancarboxaldehyde. Protein profile analysis was performed to confirm which protein involved in those secondary metabolites biosynthesis and affected by elicitation. The study also showed there were proteins with molecular weight ± 37.5 kDa, ± 40 kDa, ± 50 kDa, ± 51 kDa, as putative FPP synthase enzyme, strictosidine synthase, GPP synthase, and ornithine decarboxylase respectively. It can be concluded that UV elicitation is a useful technique to enhance secondary metabolites production from E. longifolia callus culture, by generating protein involved in alkaloids and terpenoids synthesis pathway.
I. INTRODUCTION
URYCOMA longifolia Jack, known as pasak bumi or tongkat ali, is a widely distributed plant in Indochina region, Southeast Asia, including Malaysia, Thailand, and Indonesia [1] . The extract of E. longifolia can be used as aphrodisiac agent [2] , antipyretic [3] , antimalaria [4] , and anticancer [5] . Medicinal uses of E. longifolia come from its various secondary metabolites contents, such as canthin-6-one alkaloid, quassinoid and squalene terpenoid which previous studies showed medicinal uses of these secondary metabolites [2] [5] [6] .
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In vitro culture is a well-known method to grow cell biomass and produce secondary metabolites. However, this method sometimes did not meet the secondary metabolites demand due to low plant's productivity and inefficient production method. In order to tackle this issue, new method are required. One of the methods is elicitation which in previous researches were being used to increase secondary metabolites production from plant cell cultures [10] . Elicitation with NaH 2 PO 4 and chitosan on cell suspension culture of E. longifolia increased 9-methoxycanthin-6-one alkaloid production [1] , while elicitation with chitin on Morinda citrifolia cell culture increased anthraquinone production [11] . Furthermore, ultraviolet elicitation on Catharanthus roseus culture increased ajmalicine production [12] .
Ultraviolet (UV) light were used in this research as elicitor on E. longifolia callus culture. UV light can be acts as abiotic stress which triggering plant to perform defense mechanism of this particular stress. Plants responded UV stress to overcome it by producing secondary metabolites [13] . Previous study described that UV light radiation induced gene transcription process of enzymes which involved in secondary metabolites biosynthesis [14] . This study was carried out to evaluate the effect of UV light on E. longifolia callus growth and to evaluate secondary metabolites content in E. longifolia callus culture.
II. MATERIALS AND METHODS

A. Callus Preparation
This study used Eurycoma longifolia callus culture which has been adapted into in vitro condition, grown and maintained at Plant Physiology Laboratory, School of Life Sciences and Technology, Institut Teknologi Bandung, Indonesia. Callus were maintained in solid Zenk medium added with 0.5 ppm IAA and 0.5 ppm kinetin. Then callus were subcultured three times into MS (Murashige-Skoog) medium added with 2.25 ppm 2,4-dichlorophenoxyacetic acid (2,4-D) plus 2 ppm kinetin, later symbolised as Group A; and MS medium added with 0.5 ppm naphthalene acetic acid (NAA) plus 0.5 ppm kinetin, later symbolised as Group B.
B. Elicitation Treatment
Callus of Group A medium (2,4-D plus kinetin) and Group B (NAA plus kinetin) were exposed under ultraviolet light. UV light produced by Philips UV light (200-280 nm wavelength). UV light exposure was given 18 hours per day, from day 1 throughout day 28. Control group were prepared as comparison, which were callus cultures without being elicited with UV light.
C. Biomass Growth
E. longifolia callus dry weight was calculated every 4 days, until last calculation in day 28th. Callus dry weight data were presented in growth curve and statistically analysed by SPSS program, using one-way ANOVA (analysis of variance) and Tukey's test, with 95% of confidence level to find out the significances of different MS medium group (Group A, B, and control).
D. Histochemical Analysis
Cells structure and secondary metabolites content of Group A and B callus, both UV elicited or control, were analysed by histochemical method. This analysis was performed using Dragendorff reagent (alkaloid test) and Neutral Red reagent (terpenoid test). Cells histochemical slides were observed with inverted microscope using 20x to 40x objective lens.
E.Secondary Metabolites Content Analysis
UV elicited and unelicited Group A and B callus were harvested every 4 days (in 28 days of study) to analyse its secondary metabolites content. Thus, it was obtained 7 samples from each group (Group A elicited, Group A unelicited, Group B elicited, and Group B unelicited). Secondary metabolites extraction was performed by dissolving freeze-dried callus with 95% ethanol, then incubated overnight. The extract then filtered by Whatman no. 1 filter paper to obtain fine secondary metabolites extract. Extract then being analysed by gas chromatography-mass spectrometry (GC-MS) method.
F.Protein Analysis
All groups of callus were harvested every 4 days (out of 28 days of study) to analyse its protein. Protein extract was obtained from E. longifolia callus which processed with tricloroaceticacid, β-merchaptoetanol, and aceton precipitation. Extract was centrifuged to isolate protein from its solvent. Protein extract dissolved in buffer solution to obtain total protein extract. Samples protein value was determined by Bradford method [15] with 595 nm wavelength.
Protein analysis was performed by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) method. 0.5 mg (w/v) E. longifolia protein samples injected into separating gel, then electrophoresis was performed with 100 W in 2 hours. Thermo Scientific Multicolor Broad Range Protein Ladder no. 26634 was used as protein marker to compare protein bands. Electrophoresis gel was stained by coomasie briliant blue-R, then washed by methanol-acetic acid solution (3:1). Analysis was performed by comparing protein bands from E. longifolia callus with protein marker bands.
III. RESULTS AND DISCUSSION
The results showed that biomass growth of ultraviolet elicited Eurycoma longifolia callus which treated in 2,4-D and kinetin medium (Group A) and also in NAA and kinetin medium (Group B) slightly lower than control group after 28 days of exposure (Fig. 1) . However, statistical test revealed that no significant difference between elicited and unelicited callus. This result was slightly different if compared with previous studies which said ultraviolet light stress could decrease plant growth [16] [17].
Fig. 1 Growth of E. longifolia callus in 28 days
Macroscopic observation of callus structure showed difference between Group A and Group B callus. Group A callus (Fig. 2a) was more friable than Group B callus (Fig.  2c ). According to [18] , friable callus was formed due to 2,4-D phytohormone and compact callus was formed due to NAA. After UV elicitation, Group A and B callus (Fig. 2b & 2d) became more friable and dry than its control groups. Moreover, the colour was darker after UV elicitation. Histochemical analysis showed E. longifolia callus cells morphology was difference between Group A and Group B, which Group A tend to be longer shape while Group B more rounded (Fig. 3) . Dragendorff and Neutral Red reagents test showed positive results, which revealed that both callus group produced alkaloids and terpenoids. This analysis also showed that positive colour intensity of both reagent was denser on UV elicited callus than unelicited callus (more brown and more red) (Fig. 3) . This result could be associated with previous result (Fig. 2) which showed darker callus colour after UV elicitation. Eurycoma longifolia extract analysis which performed by GCMS method revealed almost 100 different compounds. There were secondary metabolites which belong to alkaloid and terpenoid group and contain medical activity. Some of them were canthin-6-one [2] , squalene, 5-(hydroxymethyl)-2-furancarboxaldehyde, and isocoumarin [19] .
Pyrrolidine was the basic structure of a few type of alkaloids [20] . This compound was produced at most from Group A callus and UV elicited on 24th day of exposure (Table I) . Pyrrolidine was alkaloid produced from ornithine amino acid. Protein analysis showed that there was 50 kDa molecular weight protein band when pyrrolidine was founded (Fig. 4b.1 ). This protein was predicted as ornithin decarboxylase (MW 51 kDa) which involved in decarboxylation of ornithin amino acid to become pyrrolidine [21] . Canthin-6-one alkaloid was produced at most on 8th day of study from Group B UV elicited callus, which showed 9.49% to 2.65% compared to control group (Table I) . Protein analysis of this particular group of callus showed that on 8th day of exposure, there was 40 kDa protein band ( Fig. 4d.1 ). This protein predicted as strictosydine synthase enzyme (MW 43 kDa) which involved in alkaloid biosythesis pathway, including canthin-6-one [22] . 5-(hydroxymethyl)-2-furancarboxaldehyde belongs to terpenoid group. Rahmalia et al. [19] showed this secondary metabolite could be naturally found in E. longifolia. This terpenoid was produced at most from Group B UV elicited callus on day 12th of exposure (Table I) . During this day, protein analysis showed that there were 35 kDa and 50 kDa protein bands (Fig. 4d.2 & 4d.3) . It was predicted that these bands were FPP synthase enzyme (MW 37.5 kDa) and GPP synthase enzyme (MW 53 kDa) which involved in terpenoids This study showed that isocoumarin which belongs to terpenoid groups was not increased after UV elicitation. Isocoumarin content showed most amounts in unelicited Group B callus on day 24th (Table I) . During this day, it was produced 50 kDa protein band (Fig. 4c.1 ) predicted as GPP synthase enzyme which involved in terpenoids biosynthesis pathway [24] .
Squalene belongs to terpenoid group, particularly triterpene, which could be found in E. longifolia [25] [26] . This study showed that squalene only produced from Group B UV elicited callus on day 8th of exposure (Table I) . Protein analysis showed there was 35 kDa protein band produced ( Fig. 4d.2 ). This protein was predicted FPP synthase enzyme (MW 37.5 kDa) which involved in triterpenes biosynthesis [23] [27].
IV. CONCLUSION
According to this study, it was known that ultraviolet light radiation did not decrease biomass growth of Eurycoma longifolia callus culture, but the structure was slightly changed. Alkaloids production from E. longifolia callus culture, particularly pyrrolidine and canthin-6-one, and also terpenoids, particularly 5-(hydroxymethyl)-2-furancarboxaldehyde and squalene, could be increased by 18 hours of ultraviolet exposure daily. However, this elicitation method could not be used to increase isocoumarin production.
